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(57) ABSTRACT

A power distribution assembly integrated into the lower
engine housing of an internal combustion engine, the assem-
bly having a drive train with a T-box output configuration and
power take off driven by the crankshaft of the engine. The
drive train may power the input shafts of a pair of indepen-
dent, variable drive transmissions. In one embodiment, a
single actuator engages a manual clutch/brake mechanism
that controls the output shaft of the power take off. In other
embodiments, an electric clutch affords control of the power
take off mechanism. In further embodiments, a hydraulic
clutch/brake assembly allows control of the power take off,
and an additional hydraulic clutch assembly may be used to
control the outputs of the T-box.

24 Claims, 12 Drawing Sheets
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INTEGRAL POWER DISTRIBUTION
ASSEMBLY FOR ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of Ser. No. 13/793,984,
filed Mar. 11, 2013, which is a continuation-in-part of U.S.
patent application Ser. No. 13/675,637, filed Nov. 13, 2012,
which claims the benefit of U.S. Provisional Patent Applica-
tion No. 61/559,620 filed on Nov. 14, 2011. These prior
applications are incorporated by reference herein in their
entirety.

BACKGROUND OF THE INVENTION

This application relates to power distribution assemblies in
general, and more specifically to power distribution assem-
blies useful for powering independent, variable drive trans-
missions and an auxiliary function.

SUMMARY OF THE INVENTION

A power distribution assembly having a T-box output con-
figuration and a power take off'is disclosed herein. The power
distribution assembly is integrated into the lower engine
housing of an internal combustion engine to be driven by the
engine crankshaft. Such an arrangement eliminates the need
for a separate housing for the power distribution assembly,
creating a more compact envelope for vehicle integration.

A power distribution assembly in accordance with the prin-
ciples of the invention(s) disclosed herein may have a power
take off with a manual clutch/brake assembly. In another
embodiment, the power take off can be controlled by an
electric clutch/brake assembly external to the lower engine
housing. In still another embodiment, the power take off may
have an electric clutch disposed internal to the lower engine
housing. Other embodiments illustrate a power distribution
system having a hydraulic clutch/brake assembly and the use
of a second clutch to selectively engage the output of the
power distribution assembly. It should be understood that
references herein to the principles of the invention should be
read broadly and in light of the complete disclosure in this
specification and accompanying drawings, and that multiple
inventions may be disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s an isometric view of a firstembodiment of a power
distribution assembly in accordance with the principles of the
invention; the power distribution assembly is integrated into
the lower engine housing of an internal combustion engine
with a housing component and certain engine components
removed for clarity.

FIG. 2 is a top view of the power distribution assembly of
FIG. 1.

FIG. 3 is a partial section view of the power distribution
assembly along the line 3-3 of FIG. 2.

FIG. 4 is a partial section view of the power distribution
assembly along the line 4-4 of FIG. 2.

FIG. 5 is a partial section view of the power distribution
assembly along the line 5-5 of FIG. 2.

FIG. 6 is a bottom view of a vehicle integrating the power
distribution assembly of FIG. 1.

FIG. 7 is a partial section view of a second embodiment of
a power distribution assembly in accordance with the prin-
ciples of the invention, the section being similar to that
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depicted in FIG. 3, but having an electric clutch/brake exter-
nal to the lower engine housing.

FIG. 8 is a partial section view of a third embodiment of a
power distribution assembly in accordance with the prin-
ciples of the invention, the section being similar to that
depicted in FIG. 3, but having an electric clutch internal to the
lower engine housing.

FIG. 9 is a top view of a fourth embodiment of a power
distribution assembly in accordance with the principles of the
invention.

FIG. 10 is a partial section view of the power distribution
assembly of FIG. 9 along the line 10-10 of FIG. 9.

FIG. 11 is a top view of a fifth embodiment of a power
distribution assembly in accordance with the principles of the
invention.

FIG. 12 is a partial section view of the power distribution
assembly of FIG. 11 along the line 12-12 of FIG. 11.

DETAILED DESCRIPTION OF THE DRAWINGS

The description that follows describes, illustrates and
exemplifies one or more embodiments of the present inven-
tion in accordance with its principles. This description is not
provided to limit the invention to the embodiments described
herein, but rather to explain and teach the principles of the
invention in order to enable one of ordinary skill in the art to
understand these principles and, with that understanding, be
able to apply them to practice not only the embodiments
described herein, but also other embodiments that may come
to mind in accordance with these principles. The scope of the
present invention is intended to cover all such embodiments
that may fall within the scope of the appended claims, either
literally or under the doctrine of equivalents.

It should be noted that in the description and drawings, like
or substantially similar elements may be labeled with the
same reference numerals or serial numerals. However, some-
times these elements may be labeled with differing numbers,
such as, for example, in cases where such labeling facilitates
a more clear description. Additionally, the drawings set forth
herein are not necessarily drawn to scale, and in some
instances proportions may have been exaggerated to more
clearly depict certain features. Such labeling and drawing
practices do not necessarily implicate an underlying substan-
tive purpose. As stated above, the present specification is
intended to be taken as a whole and interpreted in accordance
with the principles of the present invention as taught herein
and understood by one of ordinary skill in the art.

FIGS. 1-6 illustrate a first embodiment of a power distri-
bution assembly 110 in accordance with the principles of the
invention. The power distribution assembly 110 comprises a
T-box output configuration 128 (or T-box herein) and a power
take oft 140 integrated into the lower engine housing 111 of
an internal combustion engine 105. Power take off 140 is
depicted herein as a manual clutch/brake assembly, though
other power take off configurations known in the art, such as
hydraulic or electric clutch/brake assemblies are contem-
plated within the principles of the invention. Power distribu-
tion assembly 110 is driven by the crankshaft 121 of engine
105, the crankshaft 121 distributing power to power take off
140 through engagement with cage assembly 141, and dis-
tributing power to T-box 128 through engagement with a pair
of transmission gears 122, 129.

The T-box 128 of power distribution assembly 110 may
drive a pair of variable drive transmissions 103a, 1035 via
output shafts 133a, 1335 respectively. Transmissions 103a,
1035 may independently power the drive wheels 108 of a
utility vehicle, e.g. the zero-turn mower 101 depicted in FIG.
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6. It is to be understood that the variable drive transmissions
103a, 1035 mounted to vehicle frame 102 are representative
only, and may be hydraulic, toroidal, friction, or mechanical
drives in nature, provided the variable drive transmissions
103a, 1035 are equipped with horizontal input shafts 1624,
1624 for engagement to output shafts 133a, 1335, respec-
tively. It should also be noted that the term “transmission” is
being used in a broader context herein to include both trans-
missions and transaxles within its meaning. The specifics of
power transmission in accordance with the principles of the
invention will be described in detail below. Reference is also
made to the disclosure of commonly owned U.S. Pat. No.
8,393,236 and application Ser. No. 13/732,928 filed Jan. 2,
2013. The terms of both of these references are incorporated
herein in their entirety.

Power distribution assembly 110 may also drive an auxil-
iary function, e.g. the mowing deck 104 of zero-turn mower
101, via the output shaft 142 of power take off 140. A belt and
pulley system may be engaged to output shaft 142 to power
the auxiliary function. In FIG. 6, a representative pulley 149
is shown engaged to a drive belt 106 to power mowing deck
104 upon actuation of power take off 140. The specifics of
power take off actuation in accordance with the principles of
the invention will be described in detail below.

Internal combustion engine 105 comprises an upper engine
housing 118 joined to lower engine housing 111 to form a
sump 160. The engine housings 118, 111 may be sealed in a
known manner, such as the use of a gasket or liquid sealant.
Crankshaft 121 extends through an opening in bridge plate
112 and has splines 121a to mesh with transmission gear 122
and outer clutch plate carrier 141d. Bridge plate 112 is
attached by fasteners 113 to lower engine housing 111 to
secure the components of power take off 140, and in the
embodiment depicted herein the drive train, as described
herein, and power take off 140 are disposed entirely within
the envelope formed by the lower engine housing 111. Bridge
plate 112 has a bearing surface 112a which journals crank-
shaft 121. It should be noted that crankshaft 121 is also
rotationally supported by bushing 107 located interior to
power take off output shaft 142, which in turn is supported by
abearing 166 in lower engine housing 111. Seal 167 contacts
engine housing 111 and power take off output shaft 142 to
retain engine oil in sump 160. Crankshaft 121 has oil groove
1214 to permit lubrication of crankshaft 121. As shown in
FIG. 4, pressurized oil is transported from oil filter 115 to oil
groove 1215 by oil tube 116. Oil is pumped to oil filter 115
through fluid passage structure 111¢ by an oil pump 117,
which is driven by a camshaft (not shown) of internal com-
bustion engine 105. The specifics of oil pump 117 are not
shown but will be understood to be of a standard design. Other
components of engine 105 are not depicted herein for clarity
as such elements are generally known in the art and depiction
of such standard engine components would not assist in the
understanding of this invention.

Crankshaft 121 powers transmission gear 122 which drives
combination gear 129 to act as a drive train. Combination gear
129 is splined to, and rotates with, an intermediate or jack
shaft 124. Combination gear 129 has both a spur gear form
and a bevel gear form. It should be understood that individual
spur and bevel gears could in the alternative be affixed to jack
shaft 124. Jack shaft 124 is rotationally supported by ball
bearing 127 located in bridge plate 112 and lower engine
housing 111. The bevel gear form 129a of combination gear
129 engages bevel gears 132a, 1325 which are splined to
output shafts 133a, 1335 respectively. This bevel gear and
output shaft structure, in which output shafts 1334, 1335 are
collinear and rotate on an axis that is generally perpendicular
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to the axis of rotation of crankshaft 121, forms T-box 128. The
output shafts 133a, 1335 rotate in opposite senses and are
rotationally supported by engine housing 111 and ball bear-
ings 178, which are retained by retaining rings 168. It will be
understood that a single bevel gear and output shaft combi-
nation may be used to drive both the left and right side
variable drive transmissions in the same rotational sense.
Each output shaft 1334, 13354 is sealed by a shaft seal 177 to
retain the oil contained in sump 160, and each has a distal end
extending external to engine housing 111 and a proximal end
disposed internal to engine housing 111.

The output shafts 133a, 1335 are illustrated with splined
female ends, but could alternatively be formed with male
ends. The input shafts 1624, 1625 of the variable drive trans-
missions 103a, 1035 driven by power distribution assembly
110 may be flexibly joined to output shafts 133a, 1336
through the mating of coarse toothed shaft ends, male and
female, wherein the male shaft end has a rounded or tapered
profile. Such a flexible joint negates the effect of vehicle
frame flexion on the drive system. It should be understood
that other flexible joints known in the art, such as universal or
Cardan joints, are contemplated within the scope of the inven-
tion. Regardless of joint configuration, power distribution
assembly 110 can accommodate a variety of drive mecha-
nisms in “plug-and-play” fashion provided the appropriate
input shaft is selected. Additionally, the length of the corre-
sponding input shafts can be varied to accommodate differ-
ences in vehicle frame widths.

As best illustrated in FIGS. 3 and 4, the power take oft 140
of power distribution assembly 110 comprises a manual
clutch/brake assembly powered by crankshaft 121. Clutch
actuation assembly 148 controls both the clutch and the brake
assemblies. For clarity, it should be noted that the clutch
assembly is engaged and the brake assembly is disengaged in
both FIGS. 3 and 4. Spring assembly 143 normally biases the
brake assembly to the engaged position, wherein brake plates
164, located on lower engine housing 111 and inner clutch
plate carrier 141e, are brought into frictional engagement. An
operator disengages the brake assembly and thereafter
engages the clutch assembly through manipulation of clutch
actuation assembly 148. External to lower engine housing
111, an operator actuated linkage 150 may be used to rotate
actuator handle 148a affixed to actuator shaft 1485. Rotation
of actuator shaft 1485 causes clutch actuation fork 148¢ to
bear against washer 148d. The washer 1484 acts against the
spring force of spring 1434, disengaging the brake and bring-
ing the clutch plates 147 located on outer clutch plate carrier
141d (which rotate in unison with crankshaft 121) and those
located on inner clutch plate carrier 141e into frictional
engagement, thereby driving power take off output shaft 142.

In particular, washer 1484 pushes upward against thrust
bearing 1875 which also lies concentric about power take off
output shaft 142. Inner clutch plate carrier 141e, having a
flange 141/'which engages the brake plates 164 (under influ-
ence of spring 143a) and the clutch plates 147 (under influ-
ence of clutch actuation fork 148c¢), is situated on thrust
bearing 1875. Inner clutch plate carrier 141e is also slidably
engaged to an outer gear form on power take off output shaft
142 via a corresponding gear form on the inner diameter of
inner clutch plate carrier 141e. Clutch plate engagement fea-
tures 141¢ and brake plate engagement features 111a prop-
erly locate clutch plates 147 and brake plates 164, respec-
tively, in their stacks. The upward movement of thrust bearing
1875 acts to push inner clutch plate carrier 141e upward
against lower spring assembly washer 143¢, compressing
spring 1434 against upper spring assembly washer 1435 and
thrust bearing 187a. The components of spring assembly 143
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and thrust bearing 1874 lie concentric to crankshaft 121 and
are trapped between outer clutch plate carrier 1414 and power
take off output shaft 142. As a result, crankshaft 121 and
power take off output shaft 142 rotate as a unit to drive an
output device such as pulley 149, which is retained on power
take off output shaft 142 by a washer 173 and fastener 174.
Pulley 149 may be used to drive auxiliary devices such as the
mowing deck 104 of zero-turn mower 101, or the auger of a
snow thrower (not shown). While the inclusion of a brake on
the power take off mechanism has safety advantages for the
vehicle operator, such as reducing the stopping time of mow-
ing blades 119 on mowing deck 104, it is to be understood that
the invention contemplates a power take off mechanism hav-
ing a clutch alone.

FIG. 7 illustrates a second embodiment of a power distri-
bution assembly in accordance with the principles of the
invention. Power distribution assembly 210 is similar to
power distribution assembly 110; however, the manual,
clutch/brake assembly internal to the lower engine housing
has been replaced by an electric clutch/brake assembly 240
external to lower engine housing 211. It should be noted that
crankshaft 221 will require additional length (not shown) as
compared to crankshaft 121 to be received by electric clutch/
brake assembly 240. Electric clutch/brake assembly 240
alternately arrests rotation of pulley 249, which is fixed to a
power take off output shaft (not shown), and couples pulley
249 to the rotation of crankshaft 221. The rotation of the field
back plate of electric clutch/brake assembly 240 can be
restrained by any method commonly known in the art such as
fixing the plate to a vehicle’s frame (not shown) or the lower
engine housing 111 with an additional flat piece of metal (not
shown). The structure and function of such electric clutch/
brake assemblies is well known in the art and will not be
described further herein.

Rotational support for crankshaft 221 is provided by a
bearing surface 212a on bridge plate 212 that journals the
crankshaft 221, and a bearing 266 located at the base of lower
engine housing 211. A shaft seal 267 directly engages crank-
shaft 221 adjacent bearing 266 to prevent leakage of oil from
sump 260. The structure and function of the crankshaft’s
splines 221a and oil groove 22156 are identical to that
described for power distribution assembly 110. Similarly, the
structure and function of T-box 228 is identical to that of
T-box 128, while the structure and function of oil pump 217 is
identical to that oil pump 117. Thus, power distribution
assembly 210 will not be described further herein.

FIG. 8 depicts a third embodiment of a power distribution
assembly in accordance with the principles of the invention.
Power distribution assembly 310 is similar to power distribu-
tionassembly 210; however, power distribution assembly 310
has an electric clutch assembly 340 located internal to lower
engine housing 311, i.e. a wet clutch design. Electric clutch
assembly 340 has field coil 340a which is energized by a
power source, e.g. the alternator (not shown) of the internal
combustion engine, via an electrical connector (not shown).
When field coil 3404 is energized, armature 340c is magne-
tized and clutch piston 346 is attracted thereto. The stack-up
of clutch plates 347 consists of one set that is captured by a
gear form (not shown) native to outer clutch plate carrier 354
and an interwoven set that is captured by a gear form native to
inner clutch plate carrier 352. Inner clutch plate carrier 352 is
engaged to and rotates with crankshaft 321 under power from
the internal combustion engine, the splines 321a being elon-
gated to fully engage inner clutch plate carrier 352 along its
length. Outer clutch plate carrier 354 is engaged to power take
off output shaft 342, to selectively rotate with it upon actua-
tion of electric clutch assembly 340. Clutch plates 347 are

5

10

15

20

25

30

35

40

45

50

55

60

65

6

advantageously faced with a friction layer (not shown); for
example, a nonwoven cellulosic with binder. The movement
of the clutch plates 347 is restricted vertically by armature
340c¢. Thus, movement of clutch piston 346 toward armature
340c¢ places clutch plates 347 into frictional engagement. As
a result, power take off output shaft 342 is rotated synchro-
nously with crankshaft 321. Power take off output shaft 342 is
rotatably supported in lower engine housing 311 by bearing
366. It should be noted that shaft seal 367 is incorporated to
prevent leakage of oil from sump 360. A pulley 349 may be
fixed to output shaft 342 by a washer 373 and fastener 374 to
selectively drive an implement (not shown) by means of a
drive belt (not shown). The structure and function of T-box
328 is identical to that of T-box 228, and the structure and
function of oil pump 317 is identical to that of oil pump 217.
Thus, power distribution assembly 310 will not be further
described herein.

FIGS. 9 and 10 depict a fourth embodiment of a power
distribution assembly in accordance with the principles of the
invention. Power distribution assembly 410 is similar to
power distribution assembly 110; however, the clutch/brake
assembly 440 controlling the power take off is hydraulically
actuated as described in detail below.

Oil pump 417 supplies hydraulic fluid from sump 460 to
fluid passage 411¢, which is in fluid communication with an
accumulator 451, a clutch actuation valve 453, and an oil filter
(not shown) through which hydraulic fluid passes prior to
lubricating crankshaft 421. Accumulator 451 acts as a source
of reserve fluid for clutch/brake assembly 440 and also serves
to dampen the effect of actuating clutch/brake assembly 440;
assuring that an adequate volume of hydraulic fluid is avail-
able to supply clutch/brake assembly 440 without reducing
the availability of hydraulic fluid for lubrication purposes.
This reduces wear on the components of clutch/brake assem-
bly 440 and crankshaft 421, while smoothing out the opera-
tion of the power take off assembly. Accumulator 451 is
located in an accumulation chamber 411e sealed with a
treaded plug 439 external to lower engine housing 411. Accu-
mulator 451, which comprises a piston 451a, o-ring 4515, and
spring 451¢, reacts to changing hydraulic fluid volumes in
fluid passage 411c¢. An equilibration passage 463 is provided
to allow free movement of piston 451a, permitting fluid or air
trapped behind piston 451a to pass through to sump 460.

Clutch actuation valve 453, depicted herein as an electro-
mechanical solenoid valve, is under operator control and
permits pressurized hydraulic fluid from fluid passage 411cto
actuate hydraulic clutch/brake assembly 440 when opened. It
should be noted that other valve types, such as a manually
actuated valve, are also contemplated within the scope of the
invention. Actuation of valve 453 permits pressurized
hydraulic fluid to flow through tube 457 into an inlet oil
groove 421¢ formed in crankshaft 421. As shown in FIG. 10,
pressurized oil flows from inlet oil groove 421¢ through cross
passage 4211 into vertical passage 421/, which is plugged at
the end of crankshaft 421 with plug 421;. Pressurized hydrau-
lic fluid flows through cross passage 421g into outlet oil
groove 421d and from there into volume 414 below piston
446.

In the absence of pressurized fluid, clutch spring 443 acts
against piston 446 to force a plurality of pins 445 into contact
with piston 446, thereby compressing brake disks 464 into
frictional engagement with each other, arresting any rotation
of combination clutch cage and output shaft 444. One set of
the brake disks 464 is fixed to lower engine housing 411, and
the intervening set of brake disks 464 is fixed to combination
clutch cage and output shaft 444 by a gear form native to
combination clutch cage and output shaft 444. As pressurized
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fluid fills volume 414, piston 446 acts against and overcomes
the spring force of clutch spring 443. Consequently, pins 445
no longer act to compress brake disks 464 into frictional
engagement, permitting combination clutch cage and output
shaft 444 to rotate freely. As pressurized fluid continues to fill
volume 414, piston 446 begins to act against clutch plates
447, compressing the clutch plates 447 into frictional engage-
ment. The stack-up of clutch plates 447 consists of one set that
is captured by a gear form (not shown) native to the combi-
nation clutch cage and output shaft 444 and an interwoven set
that is captured by a gear form native to transmission gear
422, turning continuously therewith. The movement of the
clutch plates 447 are restricted vertically by retaining ring
456, permitting frictional engagement to occur. As the
engagement of the clutch plates 447 reaches maximum effect,
with transmission gear 422 being splined to crankshaft 421,
the rotation of crankshaft 421 is imparted to combination
clutch cage and output shaft 444. A bearing 466 rotationally
supports combination clutch cage and output shaft 444 in
lower engine housing 411, while a shaft seal 467 acts directly
on combination clutch cage and output shaft 444 to prevent
the loss of hydraulic fluid from sump 460. As with the other
embodiments described herein, a pulley 449 may be fixed to
combination clutch cage and output shaft 444 by a washer 473
and fastener 474 to selectively drive an implement (not
shown) by means of a drive belt (not shown).

When valve 453 is closed, the flow of pressurized hydraulic
fluid to the clutch is curtailed and the fluid accumulated in
volume 414 returns to sump 460 through various spaces asso-
ciated with component tolerances. As a result, the brake
arrests movement of combination clutch cage and output
shaft 444 as described above. A bushing 407 rotationally
supports the lower end of crankshaft 421 in combination
clutch cage and output shaft 444.

Crankshaft 421 has oil groove 4215 formed therein to
permit lubrication of crankshaft 421. As shown in FIG. 9,
pressurized oil is transported from an oil filter (not shown)
seated on filter mount 4114 through oil tube 416, oil groove
4215, and then through cross passage 421e into vertical fluid
passage 4214. The structure and function of T-box 428 is
identical to that of T-box 128, and the structure and function
of oil pump 417 is identical to oil pump 117. Thus, power
distribution assembly 410 will not be further described
herein.

FIGS. 11 and 12 depict a fifth embodiment of a power
distribution assembly in accordance with the principles of the
invention. Power distribution assembly 510 is similar to
power distribution assembly 410, but varies in that power
distribution assembly 510 includes a separate, hydraulically
actuated clutch 5404 to selectively drive T-box 528. In addi-
tion, T-box 528 varies from the configuration present in the
previously disclosed T-boxes 128, 228, 328, 428 by having a
single output shaft 533 replace the individual right and left-
side outputs. Consequently, the right and left-side outputs of
T-box 528 rotate in the same direction, not opposite direc-
tions. It is to be understood that both of these T-box configu-
rations may be used with any of the power distribution assem-
blies disclosed herein. The structure and function of the
remaining portions of power distribution assembly 510 are
identical to those of power distribution assembly 410 and will
not be discussed, including without limitation power take off
clutch/brake assembly 5405. It should be noted that the need
for an accumulator 551 in the hydraulic circuit of power
distribution assembly 510 is even greater than that of power
distribution assembly 410, as the demand on the output of oil
pump 517 will increase in the event both clutch actuation
valves 553a, 553b are opened.
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Transmission gear 523 is rotatably supported on jack shaft
524 and constantly rotates based on its toothed engagement to
transmission gear 522, provided crankshaft 521 is under
power. Transmission gear 523 has a gear form used to capture
a first set of the clutch plates 547a which constantly rotate
with transmission gear 523. A second, interlaced set of the
clutch plates 547a is captured by a gear form on combination
(bevel) gear/cage 570. Combination gear/cage 570 is rota-
tionally supported on jack shaft 524 by a bushing or bearing
509. A clutch spring 543a biases piston 546a away from
engagement with the stack-up of clutch plates 547q. In this
non-engaged state, combination gear/cage 570 does not pro-
vide a driving force to a corresponding bevel gear 532 fixed to
output shaft 533.

Clutch actuation valve 553a, depicted herein as an electro-
mechanical solenoid valve, is under operator control and
permits pressurized hydraulic fluid flowing from fluid pas-
sage 511c¢ through tube 5584 to actuate hydraulic clutch
assembly 5404 when opened. As one of skill in the art will
appreciate, the electro-mechanical solenoid valve 553a
depicted herein is representative only, and can be one of
several types of valves, including without limitation a manu-
ally actuated valve. Valve 553a is disposed in a mounting
adapter 555 to ease assembly, the mounting adapter 555 cap-
turing an end of tube 558a upon installation. Mounting
adapter 555 eliminates the need for a separate mounting boss
to be formed in lower engine housing 511 to accommodate
valve 553a. Actuation of valve 553a permits pressurized
hydraulic fluid to flow through tube 5585 and into fluid pas-
sage 524¢, which extends vertically through jack shaft 524. It
should be noted that as compared to jack shaft 424, the width
of jack shaft 524 has been enlarged to accommodate fluid
passage 524c¢. As shown in FIG. 12, pressurized oil flows
from fluid passage 524c¢ through cross passage 5245 into
outlet oil groove 524a. Pressurized hydraulic fluid then flows
from outlet oil groove 524q into volume 5144 below piston
546a.

The flow of pressurized hydraulic fluid to volume 514a
counteracts the spring force of clutch spring 543a to force
piston 546a against a plurality of clutch plates 547a. The
frictional engagement of the clutch plates 547a thereby
attained places combination gear/cage 570 into synchronous
rotation with transmission gear 523 about jack shaft 524.
Bevel gear 532, which is rotationally mated to combination
gear/cage 570, then drives output shaft 533. When valve 5534
is closed, the flow of pressurized hydraulic fluid to the clutch
assembly 5404 is curtailed and the fluid accumulated in vol-
ume 514q returns to sump 560 through various spaces asso-
ciated with component tolerances. As a result, the powered
rotation of output shaft 533 is ceased. The multiple embodi-
ments of the power distribution assemblies 210, 310, 410 and
510 could also be used in place of power distribution assem-
bly 110 in FIG. 6.

While specific embodiments have been described in detail,
it will be appreciated by those skilled in the art that various
modifications and alternatives to those presented herein could
be developed in light of the overall teachings of the disclo-
sure. Accordingly, the particular arrangements disclosed are
meant to be illustrative only and not limiting as to the scope of
the invention which is to be given the full breadth of the
appended claims and any equivalent thereof.

What is claimed is:

1. An integrated drive assembly for a vehicle having an
engine including a crankshaft disposed in an engine housing,
the crankshaft having a first axis of rotation, the integrated
drive assembly comprising:
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a drive train disposed within the engine housing and

engaged to and driven by the crankshaft;

an output driven by the drive train and having a second axis

of rotation that is perpendicular to the first axis of rota-
tion, the output having a first shaft end extending out a
first side of the engine housing and a second shaft end
extending out a second side of the engine housing oppo-
site to the first side;

apower take oft mechanism having a power take off clutch

disposed in the engine housing to selectively couple an
auxiliary output shaft to the crankshaft, wherein the
auxiliary output shaft is collinear with the crankshaft;

a first variable speed drive having a first input shaft con-

nected to the first shaft end; and

a second variable speed drive having a second input con-

nected to the second shaft end.

2. The integrated drive assembly of claim 1, further com-
prising a bridge plate disposed in the engine housing to secure
the power take off mechanism in the engine housing.

3. The integrated drive assembly of claim 2, wherein the
drive train comprises a plurality of gears, and at least one of
the plurality of gears is supported on a jack shaft having a first
end supported in the bridge plate.

4. The integrated drive assembly of claim 3, wherein the
jack shaft has a second end that is supported in the engine
housing.

5. The integrated drive assembly of claim 1, wherein the
output comprises a first output drive shaft having a first distal
end acting as the first shaft end and a first proximal end
disposed in the engine housing, and a second output drive
shaft having a second distal end acting as the second shaft end
and a second proximal end disposed in the engine housing,
and the first and second output drive shafts have collinear axes
of rotation.

6. The integrated drive assembly of claim 5, wherein the
drive train comprises a plurality of transmission gears, a first
bevel gear disposed on and rotating the first output drive shaft
and a second bevel gear disposed on and rotating the second
output drive shaft, wherein the first bevel gear and the second
bevel gear are both driven by the same one of the plurality of
transmission gears.

7. The integrated drive assembly of claim 1, wherein the
power take oft mechanism further comprises a brake to arrest
the rotation of the auxiliary output shaft.

8. The integrated drive assembly of claim 7, further com-
prising a single actuator which actuates both the brake and the
power take off clutch.

9. The integrated drive assembly of claim 7, wherein the
power take off clutch is hydraulically operated.

10. The integrated drive assembly of claim 9, wherein the
crankshaft has a proximal end driven by the engine and a
distal end, the crankshaft having a longitudinal axis of rota-
tion and comprising an internal oil passage extending along
the length thereof in the direction of the longitudinal axis of
rotation, a first cross passage formed in the crankshaft closer
to the proximal end and a second cross passage formed in the
crankshaft closer to the distal end, wherein both the first cross
passage and the second cross passage are connected to the
internal oil passage.

11. The integrated drive assembly of claim 10, wherein the
power take off clutch comprises a set of clutch plates and a set
of’brake plates disposed about the periphery of the crankshaft,
a clutch engagement piston disposed between the set of clutch
plates and the set of brake plates, a fluid pressure chamber
adjacent the clutch engagement piston, and a spring disposed
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around the periphery of the crankshaft and providing a spring
force to the clutch engagement piston away from the set of
clutch plates.

12. The integrated drive assembly of claim 11, further
comprising an oil pump disposed in the engine housing and
providing charged hydraulic fluid to a porting system and a
valve connected to the porting system for actuating the power
take off clutch, whereby actuation of the valve permits
hydraulic fluid to flow from the porting system to the first
cross passage and through the internal oil passage to the
second cross passage, and therein to the fluid pressure cham-
ber to force the clutch engagement piston toward the set of
clutch plates and away from the set of brake plates in order to
engage the power take off clutch and permit the auxiliary
output shaft to be rotated by the crankshatt.

13. The integrated drive assembly of claim 7, wherein the
power take off clutch is electrically operated.

14. The integrated drive assembly of claim 1, wherein the
first variable speed drive is substantially identical to the sec-
ond variable speed drive.

15. The integrated drive assembly of claim 1, wherein the
engine housing comprises an upper housing member sealed
to a lower housing member, and the drive train and the power
take off mechanism are disposed entirely within an envelope
of the lower housing member.

16. The integrated drive assembly of claim 1, wherein the
drive train comprises a plurality of transmission gears and at
least one bevel gear driving the output.

17. A drive assembly for a vehicle having an engine dis-
posed in an engine housing, the drive assembly comprising:

a crankshaft driven by the engine and having a first axis of
rotation, and a drive train disposed within the engine
housing and engaged to and driven by the crankshaf;

an output driven by the drive train and having a second axis
of rotation that is perpendicular to the first axis of rota-
tion, the output having a first shaft end extending out a
first side of the engine housing and a second shaft end
extending out a second side of the engine housing oppo-
site to the first side;

a power take off mechanism to selectively couple an aux-
iliary output shaft to the crankshaft, wherein the auxil-
iary output shaft is collinear with the crankshaft, the
power take off mechanism comprising:

a hydraulic power take off clutch disposed in the engine
housing and connected to the auxiliary output shaft;

an oil pump disposed in the engine housing and provid-
ing charged hydraulic fluid to a porting system; and

a clutch actuation valve connected to the porting system
for actuating the hydraulic power take off clutch.

18. The drive assembly of claim 17, wherein the porting
system comprises an accumulator.

19. The drive assembly of claim 17, wherein the porting
system comprises a passage formed in the crankshaft to per-
mit hydraulic fluid to flow through the crankshaft.

20. The drive assembly of claim 17, further comprising a
first variable speed drive having a first input shaft connected
to the first shaft end and a second variable speed drive having
a second input connected to the second shaft end.

21. The drive assembly of claim 17, further comprising a
bridge plate disposed in the engine housing to secure the
power take off mechanism in the engine housing, wherein the
drive train comprises a plurality of gears, and at least one of
the plurality of gears is supported on a jack shaft having a first
end supported in the bridge plate and a second end supported
in the engine housing.

22. A drive assembly for a vehicle having an engine dis-
posed in an engine housing, the drive assembly comprising:
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a crankshaft having a proximal end driven by the engine
and a distal end, the crankshaft having a longitudinal
axis of rotation and comprising an internal oil passage
extending along the length thereof'in the direction of the
longitudinal axis of rotation, a first cross passage formed
in the crankshaft closer to the proximal end and a second
cross passage formed in the crankshaft closer to the
distal end, wherein both the first cross passage and the
second cross passage are connected to the internal oil
passage;

an auxiliary output shaft collinear with the crankshaft and
extending out of the engine housing;

apower take off clutch disposed in the engine housing and
connected to the auxiliary output shaft, the power take
off clutch comprising a set of clutch plates and a set of
brake plates disposed about the periphery of the crank-
shaft, a clutch engagement piston disposed between the
set of clutch plates and the set of brake plates, a fluid
pressure chamber adjacent the clutch engagement piston
and a spring disposed around the periphery of the crank-
shaft and providing a spring force to the clutch engage-
ment piston away from the set of clutch plates;
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an oil pump disposed in the engine housing and providing

charged hydraulic fluid to a porting system; and

a valve connected to the porting system for actuating the

power take off clutch, whereby actuation of the valve
permits hydraulic fluid to flow from the porting system
to the first cross passage and through the internal oil
passage to the second cross passage, and therein to the
fluid pressure chamber to force the clutch engagement
piston toward the set of clutch plates and away from the
set of brake plates in order to engage the power take off
clutch and permit the auxiliary output shaft to be rotated
by the crankshatft.

23. The drive assembly of claim 22, wherein the clutch
actuation valve comprises an electro-mechanical solenoid
valve.

24. The drive assembly of claim 22, further comprising a
transmission spur gear disposed about the periphery of the
crankshaft and driven by the crankshaft, wherein a portion of
the transmission spur gear is disposed between the crankshaft
and the set of clutch plates.
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